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Abstract and revisions to the Specification, are respectfully 
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application in the U.S. Patent and Trademark Office. 
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in order to more clearly and appropriately claim the subject 
matter which applicant considers to constitute his inventive 
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addition, the revisions to the Abstract and Specification are 
submitted in order to clarify and correct the Abstract and 
Specification and to conform them to all of the requirements of 
U.S. practice. No new matter is included in these amendments. 
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ARRANGEMENT FOR MEASURING A PROPERTY 
OF A FLUID PRESENT IN A TUBE 
FIELD OF THE INVENTION 

[0001] The present invention oonccrnc a*i arrangement 

relates to apparatus for measuring a property of a fluid 
present in a tube, with a sensor for measuring the desired 
property, which sensor is disposed on the tube and is in 
direct contact with the fluid through a lateral access 
opening . 

TECHNICAL BACKGROUND OF THE INVENTION 

[0002] Various implementations of arrangements — apparatus 
for measuring a property of a fluid present in a tube are 
known. They are utiliood — utilized in the most diverse 

apparatus, for example aloo in dialysis monitors, for 

measuring any properties of the fluid. To this end, they 
generally comprise a sensor, which is suitable for measuring 
the desired property. The measured properties of the fluid 
are, for instance, the temperature, the flow velocity, the 
pressure, the conductivity, etc. 

[0003] However, measuring these properties of the fluid 
requires the sensor to be in direct contact with the fluid, 
which is generally -ts — established through a lateral access 
opening , i.e. a lateral opening in the tube. For this, the 
sensor is arranged on the tube in such a way that it protrudes 
at least partially into the tube through the lateral access 
opening, and thu s — is thus in direct contact with the fluid 
which flows substantially completely around it. This is 
necessary for temperature sensors, for example, which must be 
substantially entirely surrounded by the fluid, or which have 
the fluid flow substantially entirely around them, in order to 
record an exact temperature. 

[0004] The sensor may also be disposed on the tube such 
that it protrudes only into the lateral access opening , but 
not into the tube itself, so that it is in contact with the 
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fluid, but the fluid does not flow completely around it_^ or 
is-; — respectively , not entirely surrounded by fluid. This is 
adequate^ for example^ for sensors with electrodes for 
measuring the inductance of the fluid. 

[0005] However, owing to the geometry of the tube it is 
difficult to provide a lateral access opening that, on the one 
hand, allows the — for direct contact of the sensor with the 
fluid and, on the other hand, is reliably sealed from the 
surroundings. Apart from the requisite direct contact with the 
fluid, the sensor disposed on the tube also needs a connection 
to an evaluating unit or the like, in order to relay the 
measured values to thio . 

[0006] To resolve the sealing problems, BE — German Patent 
Publication No. 35 08 570 suggests^ for example^ inserting a 

shut-off valve with a plug in a tube, wherein — the plug 

comprises comprising a bore in the axis of rotation. A sensor 
is inserted in the bore and sealed with a sealing ring. Then, 
when for example as a result of the composition of the fluid, 
deposits build up with time on the sensor that is in direct 
contact with the fluid and impede the exact measurement of the 
required measured value, it is possible to replace the sensor 
without problcmo difficulty . To this end, the shut-off valve 
is set in its blocking position so that the fluid flow is 
interrupted and the sensor can be replaced without loss of 
fluid. 

[0007] A disadvantage of this type of apparatus is that the 
tube must be completely severed during the installation of the 
shut-off valve. Thus^ after successful installation of the 
shut-off valve, additional seal surfaces with additional 
possible unsealed areas are created. Moreover, a shut-off 
valve entails an additional material expense in addition to 

the supplementary installation expense^ a**d thus cauoco 

creating additional costs . 

[000 8] An apparatus is known from BE German Patent 
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Publication No. 41 01 54 9 for measuring temperatures in tubes, 
wherein in which a bushing is welded laterally to a tube and 
forms a lateral access opening . A plug having a central bore 
is inserted in the bushing. Furthermore, a temperature sensor 
is screwed into the bushing and is pushed through the bore of 
the plug to the fluid^ and protrudes into the fluid. The plug, 
which seals the temperature sensor from the fluid, is 
opccially specifically worked on the side directed towards the 
fluid. This is intended to prevent the formation of gaps 
between the plug and the tube wall as breeding grounds for 
bacteria and other germs . 

[0009] While this makes possible a reliable seal of the 
temperature sensor from the fluid, this seal however — also 
requires a larger amount of — labour labor . Specifically, a 
lateral access to the tube must be provided, a bushing must be 
welded to the lateral access or the tube^ respectively, and 
the plug specially — specifically worked on the side directed 
towards the fluid, before the temperature sensor can be 
screwed into the bushing. This cauooo — creates supplementary 
costs in addition to the additionally — required additional 
material . 

[0010] An arrangement apparatus for measuring the 

temperature of a fluid present in a tube is known fro m EP 413 
European Patent No. 413,198 , wherein in which a bushing is 
similarly welded laterally to a tube and forms a lateral 
access opening to the fluid. An extensively worked ball valve 
is screwed into the bushing. A temperature sensor is pushed 
through the ball valve in the latter 1 s open position up to the 
fluid in the tube, and is sealed against the fluid by ring 
seals before the ball valve and after the ball valve. In this 
way it is possible to replace the temperature sensor without 
shutting off the fluid. However, numerous seal surfaces are 
necessary, which increases the risk of leaks. In addition, 
this known arrangement apparatus is also expensive in terms of 
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material and labour labor and is therefore costly. 
SUMMARY OF THE INVENTION 

[0011] In view of this background it is therefore an object 
of the present invention to provide an — arrangement — apparatus 
for measuring a property of a fluid present in a tube, with a 
sensor for measuring the property, which sensor is arranged on 
the tube and in direct contact with the fluid through a 
lateral access opening , that is simple and inexpensive to 
manufacture and in which the lateral access opening is 
reliably, simply and inexpensively sealed. 
SUMMARY OF THE INVENTION 

[0012] In accordance with the present invention, this and 
other objects have now been realized by the discovery of 
apparatus for measuring a property of a fluid comprising a 
tube for retaining the fluid, the tube including an outer 
wall, a lateral access opening, and a domed portion including 
a sealing surface on the outside wall of the tube surrounding 
the lateral access opening, and a sensor sealingly disposed on 
the sealing surface surrounding the lateral access opening in 
the tube for direct contact with the fluid in the tube for 
sensing the property of the fluid in the tube. Preferably, 
the sealing surface comprises a level surface. 

[0013] In accordance with one embodiment of the apparatus 
of the present invention, , the domed portion of the tube 
comprises a bend in the entire tube. 

[0014] In accordance with another embodiment of the 
apparatus of the present invention, the domed portion of the 
tube comprises an outward bulge on one side of the tube. 
[0015] In accordance with another embodiment of the 
apparatus of the present invention, the sealing surface 
comprises the wall of the tube. 

[0016] In accordance with another embodiment of the 
apparatus of the present invention, the apparatus includes 
adhering means for adhering the sensor to the sealing surface. 
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[0017] In accordance with another embodiment of the 
apparatus of the present invention, the sensor is a 
temperature sensor, a pressure sensor, a flow meter, and/or a 
conductivity sensor. Preferably, the apparatus includes a 
leveled-off planar portion of the wall of the tube on the 
outer side of the domed portion thereby providing the lateral 
access opening. In a preferred embodiment, the leveled-off 
planar portion of the wall comprises a ground-off portion 
thereof . 

[0018] In accordance with one embodiment of the apparatus 
of the present invention, the tube is elastic, flexible, or 
rigid. Preferably, the rigid tube is made from metal, plastic 
and glass. 

[0019] In accordance with another embodiment of the 
apparatus of the present invention, a dialysis monitor is 
provided including apparatus for measuring a property of a 
fluid as set forth above. 

[0020] Thio object is In accordance with the present 

invention, the above objects are achieved with an arrangement 

ef the described — type , wherein — apparatus of the type 

discussed above in which the tube includes a domed wall 
portion, the domed wall portion includes a seal surface on its 
outer side, the lateral access opening is formed in the seal 
surface, and the sensor is disposed in a sealed manner on the 
seal surface over the lateral access opening . 

[0021] In this way manner, a simple arrangement — apparatus 
is provided, which for example may be used in dialysis 
monitors^ and — which enables a simple and at the same time 
reliable seal of the lateral access opening on the tube. With 
the formation of the domed wall portion in the tube and the 
arrangement of a seal surface on the outer side of this domed 
wall portion, a large seal surface is provided that is formed 
substantially without edges and corners, on which the sensor 
can be simply disposed in a reliably sealed manner. The sensor 
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is arranged over the lateral access opening , which is arranged 
in such a way in the seal surface, or which-; — respectively , 
terminates in such a way in the seal surface, that it is 
surrounded by the seal surface. In this manner, on the one 
hand, the lateral access opening is simply and reliably sealed 
by the sensor itself and, on the other hand, the sensor is 
readily brought caoily into direct contact with the fluid. The 
sensor thus sits on the seal surface and is simultaneously in 
direct contact with the fluid. 

[0022] By forming a domed wall portion and arranging a seal 
surface on the outer side — e£ — the — oamc thereof , there is in 
particular provided a larger seal surface that comprises no 
edges or corners and on which the sensor can sit. The 
arrangemento — apparatus known from the prior art having a 
lateral access opening in the tube generally include lateral 
seal surfaces having edges, corners or gaps. The sensor lies 
laterally against these seal surfaces, which renders a 
reliable seal difficult. This problem is removed by the 
present invention. 

[0023] In particular when, in accordance with a preferred 
embodiment, the seal surface is a level surface, a further 
improved seal of the lateral access opening is made possible. 
A reliable seal can be obtained more easily on a level 
surface, and the sensor can simply be placed on the seal 
surface so that it covers the lateral access opening . When an 
appropriate seal is provided between sensor and seal surface, 
for example a sealing ring or even adhesion between sensor and 
seal surface, as provided in accordance with another preferred 
embodiment, the lateral access opening is then reliably sealed 
by the sensor itself . 

[0024] The domed wall portion of the tube can be formed in 
any manner. For example, the whole tube can be bent to form 
the domed wall surface, as is provided according to a 
preferred embodiment. Similarly, the wall of the tube can be 
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distended with a bulge on one side to form the domed wall 
portion, which is provided according to another preferred 
embodiment . 

[0025] In both cases care should be taken that an 
adequately large domed wall portion is available to provide an 
adequately — a sufficiently large seal surface on its outer 
side. Advantageously, in this case the wall of the tube forms 
the seal surface, which further facilitates the manufacture 
further thereof . 

[0026] The lateral access to the interior of the tube 
arranged in the seal surface can be formed in any manner. 
However, it is advantageous, and provided according to a 
preferred embodiment, when the lateral access opening is 
formed by levelling away the wall of the tube at the outer 
side of the domed wall portion along a flat plane. In doing 
this it is advantageous when the .domed wall portion is ground 
away at its outer side to form the lateral access opening . In 
this way — manner, the seal surface will simultaneously be 
formed with the lateral access so that the manufacture is 

otill further simplified and the arrangement becomes 

altogether less expensive. Moreover, in this way — manner, a 
transition between the lateral access opening and the interior 
of the tube is provided that is favourable favorable to flow, 
which is of particular advantage when the fluid present in the 
tube flows. 

[0027] The lateral access opening can be formed in the 
manner described way — above both with an elastic and/or 
flexible tube, or also with a rigid tube. This arrangement 
apparatus is, however, particularly advantageous with a rigid 
tube, that for example can consist of metal, synthetic 
material or even glass. Particularly in the case of this — last 
material — glass the sealing of a lateral access opening was 
previously difficult and coupled with problems, which are now 
removed by the present invention. 
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[0028] Any sensors can be used in the arrangement, such as 
for example temperature sensors, pressure sensors, flow meters 
or even conductivity sensors . Furthermore^ the arrangement 
apparatus can be employed in diverse apparatus, such as in 
dialysis monitors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The present invention will now be described in more 
detail with reference to the following detailed description, 
which, in turn, refers to the enclosed drawings, which depict 
preferred embodiments-: — Those ohow in , as follows: 
[0030] Fig. 1 is a longitudinal — section — through — a — first 
side, elevational, partially sectional view of one embodiment 
of the apparatus of the present invention ; 

[0031] Fig . 2 is a cross ocction front, elevational, cross- 
sectional view, taken along the line B-B in Fig. 1 ; 
[0032] Fig. 3 is a longitudinal — section — through — a — second 
side, elevational, partially sectional view of another 
embodiment of the apparatus of the present invention ; 
[0033] Fig. 4 is a crooo section — through — a — third — front, 
elevational, cross-sectional view of yet another embodiment of 
the apparatus of the present invention ; 

[0034] Fig. 5 is a cross ocction — through — a — fourth — front, 
elevational, cross-sectional view of yet another embodiment o.f 
the apparatus of the present invention ; and 

[0035] Fig . 6 is a section — top, elevational view taken 
along the line A-A in Fig. 1 and Fig. 3. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENT S 

[0036] Referring to the drawings, in which like reference 
numerals refer to like elements thereof, Fig. 1 shows a first 

embodiment of the measurement arrangement apparatus 1 in 

longitudinal section. The measurement arrangement — apparatus 1 
includes a sensor 13 that is disposed on a tube 3 to measure 
properties of a fluid 17 present in the tube 3 . The fluid 17 
can be either stationary in the tube or flow through it. 
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[0037] The tube 3 comprises a domed wall portion 7 that_^ in 
this embodiment^ is formed by bending the whole tube 3 . On its 
outer side the domed wall portion 7 feae — there is a seal 
surface 9, in which a lateral access opening 11 is arranged. 
In this embodiment, the seal surface 9 is formed together with 
the lateral access opening 11 by grinding away the outer side 
of the domed wall portion 7 along a flat plane. This plane is 
indicated by the dashed and dotted line A- A. The seal surface 
is thus formed by the ground away portion of the wall 5 of the 
tube 3 . The form of the transition between the lateral access 
opening 11 and the interior of the tube 3 that is very 
f avourab 1 q f avor ab 1 e in fluid mechanical terms can be readily 
seen here, and is particularly advantageous when the fluid 
flows . 

[0038] The sensor 13 is arranged on the seal surface 9 in 
such a manner that it completely covers and thus seals the 
lateral access opening 11. Simultaneously^ it is in direct 
contact with the fluid 17. The required seal between sensor 13 
and seal surface 9 can be achieved in any desired manner. In 
the embodiment illustrated here, the sensor 13 is glued on the 
seal surface 9 by means of a suitable adhesive 19. However, it 
is also possible to provide, for example, a sealing ring or 
any other seal between the sensor 13 and the seal surface 9, 
whereby the sensor can then be attached to the tube 3 with any 
other suitable means . 

[0039] The tube 3 in this case consists here of glass but 
may consist of any other material such as plastic, metal or e# 
an elastic material. 

[0040] In the first embodiment of the measurement 
arrangement apparatus 1 shown here the sensor 13 is in direct 
contact with the fluid 17 present in the tube 3 through the 
lateral access opening 11 of the tube 3. In this way manner , 
the sensor 13 can directly determine or measure the desired 
property of the fluid 17 and relay the measured values by 
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means of the electrical connections 15 to an evaluation unit 
or the like, which is not illustrated, where they can then be 
processed. 

[0041] In Fig. 2 is shown a section along the line B-B of 
Fig. 1. As can be readily seen, the seal surface 9 is formed 
by the wall 5 of the tube 3 that has been levelled away along 
a flat plane on the outer side of the domed wall portion 7. As 
mentioned above, in this way the lateral access opening 11 to 
the interior of the tube 3 is formed at the same time as the 
seal surface 9, and a transition between the lateral access 
opening 11 and the interior of the tube 3 is obtained in a 
f luid-mechanically favourable favorable fashion. The sensor 13 
is arranged on the seal surface 9 above the lateral access 
opening 11 in such a manner that it completely covers, and 
therefore seals, the lateral access opening 11. 

[0042] In Fig. 3 is shown a second embodiment of the 
measurement arrangement — apparatus in longitudinal section. 
Like parts are denoted by like reference numerals. The tube 3 f 
of this embodiment is not bent as a whole to form the domed 
wall portion 7. Instead, only a region of the wall of the tube 
3 1 bulges outwardly to form the domed wall portion 7 . 

[0043] Furthermore, here alao in this case a seal surface 9 
that is created by levelling away the outer side of the domed 
wall surface along a straight line A-A is formed on the outer 
side of the domed wall portion 7. As mentioned, in this way 
manner the lateral access opening 11 is formed at the same 
time. The sensor 13 is then, in turn, arranged on the seal 
surface 9 such that it completely covers, and accordingly 
seals, the lateral access opening 11, while being 
simultaneously in direct contact with the fluid 17. A seal 
between sensor 13 and seal surface 9 is accomplished in this 
embodiment also by gluing the sensor 13 to the seal surface 9 
by means of a suitable adhesive 19. The tube 3 1 is of metal, 
however the embodiment shown here can * also be utiliood 
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utilized with tubes of any other material, such as for example 
glass or plastic, or even elastic materials. 

[0044] Here again the sensor 13 is coupled by electrical 
connections 15 to a — non depicted — an evaluat ing unit (not 
shown) , or the like, in order to relay and process the values 
determined by the sensor 13 regarding the property of the 
fluid 17 present in the tube 3 f . 

[0045] In the embodiment shown in Fig. 3 the cross-section 
of the tube 3 1 expands in the region of the — arrangement 
apparatus , while the cross-section of the tube 3 of the first 
embodiment shown in Fig. 1 narrows in the region of the 
arrangement apparatus . Thus, the flow velocity of a fluid 17 
flowing in the arrangement — apparatus according to the first 
embodiment increases, while the flow velocity of a fluid 17 
flowing in the arrangement according to the second embodiment 
decreases. This can influence the property of the fluid 17 to 
be measured so that, depending on the property of the fluid 17 
to be measured, the embodiment that does not, or least, 
influences the property to be measured is to be selected. 
Alternatively, however, it is also possible to form the domed 
wall portion 7 on the tube 3 or 3 1 such that no change , or 
only an extremely small and negligible change in cross-section 
of the tube 3 or 3'^_ results. 

[0046] An example of this is shown in Fig. 4^ that which 
shows a cross-section through the tube 3" in a similar fashion 
to Fig. 2. Like parts are denoted by like reference numerals. 
The tube 3" is rectangular and bent as a whole to form the 
domed portion 7 in a similar fashion to that shown in Fig. 1. 
The outer side of the domed portion 7 is completely levelled 
away up to the side walls to form the lateral access opening 
11, such that the sensor 13 placed thereon takes the place of 
the original outer side. In this way, the original cross- 
section is retained. 

[0047] A further example is shown in Fig. 5, which likewise 
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shows a cross-section through a tube 3' 1 ' in a similar fashion 
to Fig. 2. Here again^_ like parts are denoted by like 
reference numerals. The tube 3 111 comprises a circular cross- 
section and is bent as a whole to form the domed portion 7, in 
a similar fashion to that shown in Fig. 1. To form the lateral 
access opening 11, the outer side of the domed portion 7 is 
levelled away to just such an extent that a small opening is 
formed in the wall 5. This is covered by the sensor 13 placed 
thereon, the sensor 13 protruding only a little into the tube 
3 I,! . This has the effect that the cross-section of the tube 
in the region of the measurement arrangement apparatus is only 
slightly, and on the whole negligibly, reduced. 

[0048] Contrary to the previous embodiments, the sensor 13 
is hero — in this case attached to the seal surface 9 with a 
holding band 23. The seal between sensor 13 and tube 3, or 
seal surface 9 respectively, is obtained with a sealing ring 
21 in this embodiment. 

[0049] Fig. 6 shows a plan view of a section along the line 
A- A in Fig. 1 and Fig. 3. It can be clearly diptinguiphed seen 
here that the lateral access opening 11 is arranged in the 
seal surface 9 such that it is completely surrounded by the 
seal surface 9. This enables the simple, safe and reliable 
seal between the lateral access opening 11 and the sensor 13— 
which ip j not shown_)_ hero , as described in detail above. The 
seal surface 9 is formed by the levelling away of wall 5 of 
the tube 3, 3 1 along a flat plane, which enables its simple 
and inexpensive formation. Moreover, in this way — manner, a 
level seal surface is provided that comprises no corners, 
edges or gaps and thus enables a simple and reliable seal. 

[0 050] Hence^ aii i*i — aii — an arrangement — apparatus for 

measuring a property of a fluid present in a tube is provided 
that is simple and inexpensive to manufacture and simply and 
inexpensively enables a reliable sealing of the sensor 
utilipcd utilized in the arrangement apparatus . The 
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arrangement — apparatus can be employed for any application and 
for any apparatus, for example also in dialysis monitors. In 
the latter, the arrangement apparatus could, for example^ be 
equipped with a conductivity sensor to determine the 
conductivity of the dialysis fluid. However, this does not 
limit the arrangement apparatus to this purpose. 

[0051] Although the invention herein has been described 
with reference to particular embodiments, it is to be 
understood that these embodiments are merely illustrative of 
the principles and applications of the present invention. It 
is therefore to be understood that numerous modifications may 
be made to the illustrative embodiments and that other 
arrangements may be devised without departing from the spirit 
and scope of the present invention as defined by the appended 
claims . 
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